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Pre-Transplant
Toxoplasma gondii
Seropositivity Among Heart
Transplant Recipients and Mortality
Arora et al. (1) recently reported that pre-transplant Toxoplasma
gondii (T. gondii) seropositivity was associated with increased risks
of advanced cardiac allograft vasculopathy, mortality attributable to
cardiac allograft vasculopathy, and all-cause mortality. These
investigators are to be congratulated on recognizing the possible
relevance of chronic T. gondii infection, a hitherto underinvesti-
gated aspect of the response to heart transplant (HT). If their
conclusions are corroborated, they may have significant implica-
tions for HT patient management, especially in centers such as
ours, where the prevalence of T. gondii seropositivity among HT
patients (75%) is much higher than the 27% reported by Arora
et al. (1).
It is nevertheless disappointing that the investigators did not
provide more information on the analyses that led them to their
conclusions. They state that they used stepwise Cox regression
analyses including all variables with p values 0.05 in the
univariate analyses, but candidate variables not included in the Cox
analysis are not named and the strengths of the univariate
associations are not given.
Furthermore, in adopting this combination of a purely statistical
criterion for variable inclusion in the regression model, in opposi-
tion to a clinically oriented analysis, variables of established clinical
relevance have been left apart. Although factors such as pre-
transplantation coronary artery disease, ischemia time, donor age,
recipient age, diabetes, cytomegalovirus infection, or previous
rejection episodes may not have differed significantly between the
T. gondii seropositive and seronegative groups in this study, they
affect HT outcome (2) and should have been taken into account
regardless of their statistical significance. Minor differences work-
ing in the same direction could explain a substantial part of the
reported relationship, and their exclusion calls into question the
accuracy of the association between T. gondii seropositivity and
end points.
The failure to tell the reader which variables were tested by
univariate analysis severely limits the ability of other researchers to
compare the findings of Arora et al. (1) with their own results, and
infringes the principle that the description of research methods
should suffice to allow replication by others. We would really
appreciate if the investigators could provide detailed information
about statistical methods in associated online repositories.
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Reply
We agree with the suggestion by Dr. Flores-Rı´os and colleagues
that our findings may have significant implications for the man-
agement of heart transplant recipients, particularly in geographical
regions where Toxoplasma gondii seropositivity is virtually endemic.
Although our article (1) has shown an independent association
between seropositivity and long-term outcome, our de novo findings
do need to be corroborated by other centers.
Flores-Rı´os et al. write that our article does not list candidate
variables that were not included in the Cox analysis. We agree that
some of the methods could have been more thoroughly described,
but this omission was at least partly attributable to space limitation.
Nevertheless, we refer to the Statistical Analysis section of our
article and would like to emphasize that all variables listed in Table
1 were candidate variables for the Cox analysis. All of these
variables were initially tested using the Kaplan-Meier method, and
if this found a significant association (p 0.05) with the end point
(mortality or allograft vasculopathy), the variable was included in
the multivariate Cox analysis.
We collected data on a large number of covariates (n 26), and
to avoid overzealous modeling, it is important to identify unim-
portant covariates. Simulation work has shown that at least 10
events need to be observed for each covariate included in multi-
variate modeling to allow an accurate analysis (2). Given such
statistical constraints, it is common to use a p value 0.05 on
univariate analysis to guide selection of covariates for multivariate
analysis (3,4). We do not dispute the suggestion that the inclusion
of known prognostic factors is relevant, but this should not be done
at the expense of overmodeling or exclusion of statistically signif-
icant variables. Dr. Flores-Rı´os and colleagues claim that factors
such as ischemia time, rejection episodes, and cytomegalovirus
infection should be taken into account regardless of statistical
significance. However, we believe that it is not appropriate to
include nonsignificant parameters in multivariate analyses, partic-
ularly in relatively small study populations. Furthermore, not all of
the suggested variables by Dr. Flores-Rı´os and colleagues are
established to be equally relevant. For example, in the recent study
be Hussain et al. (5), cytomegalovirus infection was not found to
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be a risk factor for mortality after heart transplantation. Hence, we
believe that the statistical approach applied in our article is
appropriate and valid and allows more accurate replication by
others.
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